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INTRODUCTION

THISTHI REPORT PRESENTSPRESENT THE RESULTSRESULT OF OUR FOUNDATION INVESTIGATION AT

THE SITE OF THE PROPOSED FAA HANGER AND HANGER TO BE CONSTRUCTED AT

ICING COUNTY INTERNATIONAL AIRPORT THE HANGER FACILITY IS TO BE LOCATED

IMMEDIATELY NORTH OF THE EXISTING FAA OFFICE BUILDING ON EAST MARGINAL WAY

THE GENERAL LOCATION OF THE SITE IS SHOWN WITH RESPECT TO EXISTING FEATURESFEATURE

ALONG EAST MARGINAL WAY ON DRAWING NO 1

THE PROPOSED HANGER FACILITY INCLUDESINCLUDE CONVENTIONAL HANGER BUILDING

TOGETHER WITH ADJOINING OFFICE SPACE AND SEPARATE HANGER STRUCTURE BOTH

THESE BUILDINGSBUILDING WILL BE LOCATED IN THE SAME AREA IMMEDIATELY NORTH OF THE

EXISTING FAA BUILDING VERY LITTLE IS KNOWN ABOUT THE DESIGN DETAILSDETAIL AT

THISTHI TIME EXCEPT THAT THE HANGER FACILITY WILL BE APPROXIMATELY 90 BY 110

IN PLAN AND THE HANGER BUILDING WILL BE APPROXIMATELY 60 BY 200 IN PLAN

IT IS ANTICIPATED THAT COLUMN LOADSLOAD WILL BE MODERATE IN THE CONCRETE TILTUP

HANGER BUILDING PROBABLY ON THE ORDER OF FIFTY TO ONE HUNDRED UPS EACH

COLUMN LOADSLOAD IN THE OFFICE WING MAY BE SLIGHTLY HIGHER DEPENDING ON DESIGN

DETAILS THE LOADING IN THE HANGER BUILDING WILL BE RELATIVELY LIGHT SINCE

THISTHI IS AN INDUSTRIAL STEEL BUILDING FOOTING LOADSLOAD PROBABLY WILL NOT EXCEED

ONE TO TWO KIPSKIP PER LINEAL FOOT

SITE CONDITIONSCONDITION

THE HANGER SITE IS CURRENTLY USED AS PARKING LOT IS RELATIVELY LEVEL

AND IS PAVED WITH ASPHALT CONCRETE SURFACING SITE ELEVATIONSELEVATION ARE SHOWN ON

THE SITE PLAN ON DWG NO 1 THE DRAINAGE IS EASTERLY AND PRESENTLY PICKED

UP BY CATCH BASINSBASIN AND SUBSURFACE STORM DRAINAGE LINES THE PARKING LOT
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PAVEMENT IS IN GOOD CONDITION INDICATING THAT WELL CONSTRUCTED AND DRAINED

SUBGRADE WAS PROVIDED PRIOR TO SURFACING THE AREA

SITE GEOLOGY

THE GEOLOGY IS RATHER SIMPLE AT THISTHI SITE BOEING FIELD OCCUPIESOCCUPIE THE

DUWAIMISH RIVER VALLEY WHICH IS RECENTLY FILLED GLACIALLY ERODED VALLEY

DRAINAGE PRIMARILY FROM THE NOUNT RAINIER AREA HAS CARRIED SEDIMENT INTO

THE OLD USHAPED GLACIAL VALLEY AND FILLED IT WITH SEVERAL HUNDRED FEET OF

SANDSSAND AND SILTS THE RIVER CHANNEL WHICH CARRIED THE SEDIMENTSSEDIMENT MEANDERED

ACROSSACROS THE VALLEY AS FILLING PROCEEDED PRODUCING VERY WIDE VARIATION IN SOIL

COMPOSITION WITHIN SHORT DISTANCES DISPITE THISTHI FACT SEVERAL BORING PROGRAMSPROGRAM

IN THE VICINITY OF THE SITE REVEAL BASICALLY SIMILAR SUBSURFACE CONDITIONSCONDITION AS

WILL BE DISCUSSED LATER

BEFORE MODERN TIMESTIME THE SITE WAS SIX OR SEVEN FEET LOWER THAN AT PRESENT

AND HAS BEEN FILLED BY HYDRAULIC DREDGING IN THE PERIOD AROUND THE EARLY 1900S

SUBSURFACE CONDITIONSCONDITION

THE BORINGSBORING FROM THE ADJACENT FAA BUILDING WERE AVAILABLE AT THE

TIME INVESTIGATIONSINVESTIGATION WERE PLANNED FOR THISTHI SITE ENABLING US TO ANTICIPATE

THE SOIL CONDITIONSCONDITION FAIRLY WELL HOWEVER THE EXISTENCE OF FORMER BUILDING

ON THE SITE CAME AS SURPRISE AND WAS NOT REVEALED UNTIL AFTER THE FIELD

INVESTIGATIONSINVESTIGATION WERE COMPLETED THISTHI BUILDING OCCUPIED THE SITE AT TIME WHEN

THE SITE GRADE WAS TWO OR THREE FEET LOWER THAN THE EXISTING GRADE FROM

PROBLEMSPROBLEM ENCOUNTERED IN OUR FIELD EXPLORATIONSEXPLORATION WE ESTIMATE THAT THE FOOTINGSFOOTING

FOR THISTHI PREEXISTING BUILDING WERE SIX OR SEVEN FEET BELOW SITE GRADE AN

OUTLINE OF THE APPROXIMATE AREA CONTAINING THISTHI FORMER BUILDING IS SHOWN ON
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DRAWING NO 1

THE SUBSURFACE CONDITIONSCONDITION WERE EXPLORED BY DRILLING THREE BORINGSBORING

WITH TRUCK MOUNTED HOLLOWSTEM AUGER EQUIPMENT AND BY ADVANCING THREE

CONE PENETROMETER TESTS THE LOCATION OF EACH IS SHOWN ON DRAWING NO 1

THE BORINGSBORING WERE RELATIVELY SHALLOW AND WERE MADE PRIMARILY TO EXTRACT

UNDISTURBED SAMPLESSAMPLE OF SILTY LAYER THAT WAS SUSPECTED TO BE WITHIN THE

TOP TWELVE OR THIRTEEN FEET OF THE SITE THE CONE PENETROMETER TESTSTEST WERE

TAKEN DEEPER TO PROVIDE DATA ON OTHER COMPRESSIBLE LAYERSLAYER OR BEARING STRATA

FOR THE SUPPORT OF PILE FOUNDATIONS THE LOGSLOG OF THE BORINGSBORING ARE SHOWN ON

DRAWING NOS AND AND THE CONE PENETRATION TESTSTEST ON DRAWING NOS THRU 6

ALL OF THE TESTSTEST ENCOUNTERED THE PAVEMENT STRUCTURE AND ITS SUBGRADE

FILL WHICH CONSIST OF ABOUT THREE INCHESINCHE OF ASPHALT CONCRETE PAVEMENT AND

EIGHTEEN TO TWENTYFOUR INCHESINCHE OF DENSE SAND AND GRAVEL FILL THE PAVEMENT

FILL IS UNDERLAIN BY AN ADDITIONAL TWO OR THREE FEET OF SANDY FILL THE SANDY

FILL IS TYPICAL OF THE SAND FOUND IN THE DUWAMISH RIVER DEPOSITS

RELATIVELY THIN SILT LAYER WAS ENCOUNTERED BETWEEN THE DEPTHSDEPTH OF

ABOUT SEVEN FEET AND ELEVEN FEET IN ALL OF THE EXPLORATION WORK THISTHI LAYER

IS NOT HOMOGENEOUSHOMOGENEOU BUT VARIESVARIE IN STRUCTURE WITH DEPTH THE UPPER PORTION

IS FINE GRAINED AND MODERATELY COMPRESSIBLE THE DEPOSIT GRADESGRADE GRADUALLY

STIFFER AND SANDIER WITH DEPTH UNTIL AT DEPTH OF TEN OR ELEVEN FEET THE

SAMPLESSAMPLE ARE COMPOSED ALMOST ENTIRELY OF SAND THISTHI VARIATION SHOWSSHOW MOST DIRECT

ON THE CONE PENETROMETER LOGSLOG WHERE WE SEE DECREASE IN CONE PENETRATION DOWN

TO DEPTH OF ABOUT EIGHT OR NINE FEET AND THEN GRADUAL INCREASE IN CONE

PENETRATION RESISTANCE AS THE LAYER BECOMESBECOME SANDIER AND LESSLES COMPRESSIBLE THIE
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CHARACTERISTIC OF THE SILT LAYER IS WELL DEPICTED BY FOUR CONSOLIDATION

TESTSTEST WHICH WERE RUN ON THINWALLED TUBE SAMPLESSAMPLE EXTRACTED FROM THE DEPTH

BETWEEN EIGHT AND ELEVEN FEET THE RESULTSRESULT OF THESE CONSOLIDATION TESTSTEST SHOWN

ON DWG NOS AND SHOW THAT THE DEEPER SOILSSOIL ARE MUCH LESSLES COMPRESSIBLE

THAN THE PURE SILT FROM THE TOP OF THE STRATUM

THE SILT STRATUM IS UNDERLAIN BY FAIRLY UNIFORM DEPOSIT OF FINE TO

MEDIUM SAND CHARACTERISTIC OF THE MATERIAL OF VOLCANIC ORIGIN BEING TRANSPORTE

FROM THE AREA OF MOUNT RAINIER THE SAND INCREASESINCREASE RAPIDLY IN DENSITY AND THEN

REMAINSREMAIN DENSE TO VERY DENSE FOR THE DEPTH OF THE EXPLORATION OCCASIONALLY

THE TESTSTEST ENCOUNTERED WEAKER SILTY SAND OR SANDY SILT LENSLEN WITHIN THISTHI DEEP

DEPOSIT OF SAND BUT NONE OF THESE ARE EXTENSIVE OR THICK ENOUGH TO BE OF

CONCERN TO BUILDING SUPPORT

THE GROUND WATER TABLE WAS UNUSUALLY LOW AT THE TIME OF OUR INVEST IGATIOT

APPROXIMATELY ELEVEN OR TWELVE FEET BELOW SITE GRADE THISTHI LOW WATER TABLE IS

THOUGHT TO BE ASSOCIATED WITH THE LOW RAINFALL THISTHI AREA HAS EXPERIENCED THISTHI

YEAR

FOTJNDATIOM SUPPORT HANGER AND OFFICE BUILDING

THE IMPORTANT CONSIDERATION IN FOUNDATION SUPPORT OF THISTHI STRUCTURE IS

THE COMPRESSIBLE SILT LAYER FOUND AT DEPTH OF ABOUT EIGHT OR NINE FEET BELOW

THE SITE GRADE LABORATORY TESTSTEST WERE PERFORMED ON THISTHI LAYER TO DETERRAINE ITS

COMPRESSIBILITY USING THE VALUESVALUE FROM THE TESTSTEST IN AN ANALYSISANALYSI OF FOUNDATION

SETTLEMENT WE FIND THAT THE SETTLEMENT IS NOT SIGNIFICANT AND THEREFORE

RECOMMEND THAT THE BUILDING BE SUPPORTED ON SHALLOW SPREAD FOOTIN

THE SECOND MAJOR CONSIDERATION IN FOUNDATION DESIGN IS THE POSSIBILITY

OF DIFFERENTIAL SETTLEMENT ACROSSACROS PORTIONSPORTION SUPPORTED OVER THE OLD FOUNDATION ANC
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PORTIONSPORTION NOT SUPPORTED OVER THEM THE EXISTING FOUNDATIONSFOUNDATION REPRESENT HARD

SPOT IN THE SUBSURFACE WHICH WOULD YIELD VERY LITTLE COMPARED TO OTHER PARTSPART

OF THE SITE NOT UNDERLAIN BY CONCRETE FOUNDATIONS TO ALLEVIATE THISTHI PROBLEM

WE RECOMMEND THAT THE EXISTING SOILSSOIL BE OVEREXCAVATED AT FOOTING LOCATIONSLOCATION

AND RECOMPACTED TO 95 PERCENT OF MODIFIED COMPACTION DENSITY THE SOIL TO BE

EXCAVATED WILL BE BASICALLY GRANULAR IN NATURE THERE IS SOME RUBBLE AND

MISCELLANEOUSMISCELLANEOU DEBRISDEBRI IN THE FILL BUT THISTHI SHOULD NOT REPRESENT SIGNIFICANT

PORTION OF THE TOTAL MATERIAL EXCAVATED THISTHI EXCAVATED MATERIAL WILL BE

SATISFACTORY FOR BACKFILL AND CAN BE PLACED BACK IN THE PIT AT EACH FOOTING

LOCATION AND COMPACTED AS DESCRIBED ABOVE

WE RECOMMEND THAT THE SOIL BE REMOVED TO DEPTH OF FOUR FEET BELOW THE

BOTTOM OF THE PLANNED FOOTING FOOTINGSFOOTING SHOULD BE PLACED AS HIGH AS PRACTICABLE

TO REDUCE THE DEPTH OF EXCAVATION WE SUGGEST THAT FOOTINGSFOOTING BE PLACED ABOUT

ONE FOOT BELOW THE EXISTING SITE GRADE STRUCTURAL CONSIDERATIONSCONSIDERATION MAY REQUIRE

GREATER DEPTH THE STRUCTURAL ENGINEER SHOULD CONSIDER THIS THE OVER

EXCAVATION SHOULD EXTEND IN TRUNCATED PYRAMIDSHAPED ZONE THE SAME DIMENSIONSDIMENSION

IN THE PLAN AS THE FOOTING AT DEPTH OF FOUR FEET BELOW THE BOTTOM OF THE

FOOTING AND EXPANDING IN SIZE ON FORTYFIVE DEGREE SLOPE TO THE GROUND SURFACE

THE RECOIMNENDED ACTION IS DEPICTED GRAPHICALLY ON DWG NO 9

FOOTINGSFOOTING MAY BE DESIGNED FOR AN ALLOWABLE SOIL BEARING CAPACITY OF KIPSKIP

PER SQUARE FOOT WITH 50 INCREASE FOR SEISMIC OR WIND LOADING

SINCE THISTHI IS PREVIOUSLY DEVELOPED SITE THERE COULD BE SOME SURPRISESSURPRISE

IN THE SUBSURFACE BASED UPON UNDISCLOSED MANMADE CONDITIONS FOR INSTANCESINSTANCE

THERE MAY BE BURIED STORAGE TANKSTANK CONTAINING FUEL WATER OR OTHER MATERIALS

MOTHER POSSIBILITY IS THAT LOCALIZED ZONESZONE WITHIN THE DEPTH OF SIX OR EIGHT
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FEET MAY CONTAIN DEBRISDEBRI GARBAGE OR SOFT SOILSSOIL WHICH WOULD HAVE TO BE REMOVED

DURING FOUNDATION CONSTRUCTION SOME ALLOWANCE SHOULD BE MADE IN THE

SPECIFICATIONSSPECIFICATION FOR OVEREXCAVATING ANY RANDOM MANMADE MATERIAL JUDGED UNSUITABLE

FOR FOUNDATION OR FLOOR SLAB SUPPORT

THE FLOOR SLOB OF THE STRUCTURE CAN BE BUILT AS SLABONGRADE PROVIDED

THE TOP ONE FOOT OF MATERIAL UNDERNEATH THE DRAINAGE COURSE BE COMPACTED TO

95 OF MODIFIED COMPACTION DENSITY

SETTLEMENT OF INDIVIDUAL FOOTINGSFOOTING IS NOT EXPECTED TO EXCEED THREE

QUARTERSQUARTER OF AN INCH DIFFERENTIAL SETTLEMENT BETWEEN ADJACENT COLUMNSCOLUMN IS NOT

EXPECTED TO EXCEED ONEHALF INCH SETTLEMENT WILL BE RAPID AND WILL BE AT LEAST

90 DISSIPATED BY THE END OF CONSTRUCTION

FOUNDATION SUPPORT HANGER

THE EXISTING PAVEMENT STRUCTURE IS UNDERLAIN BY APPROXIMATELY TWO FEET

OF DENSE COMPETENT GRANULAR MATERIAL SINCE THE HANGAR STRUCTURE IS LIGHTLY

LOADED RECOMMEND THAT FOOTINGSFOOTING BE PLACED AS SHALLOW AS POSSIBLE IN THE

PAVEMENT STRUCTURE AND DESIGNED FOR AN ALLOWABLE SOIL BEARING PRESSURE OF

KIPSKIP PER SQUARE FOOT

SEISMIC DESIGN CONSIDERATIONSCONSIDERATION

ON THE WHOLE THE SEISMIC CHARACTERISTICSCHARACTERISTIC OF THISTHI SITE APPEAR 10 BE

QUITE FAVORABLE THE DENSE SAND FOUND BELOW THE SILT LAYER WOULD BE VERY

STABLE UNDER DYNAMIC ACTIVITY DENSE SAND IS NOT SUBJECT TO LIQUIFACTION AND

LARGE STRAINSSTRAIN LIKE LOOSE SAND THE FOUNDATIONSFOUNDATION WOULD LIE ABOVE THE SILT LAYER

WHICH WOULD ACT AS DAMPING AND SLIDING BASE DURING DYNAMIC ACTIVITY ONE

WOULD EXPECT MOST OF THE STRAINSSTRAIN RESULTING FROM AN EARTHQUAKE MOTION TO BE

TAKEN OUT IN THISTHI THIN ZONE OF WEAK SOIL RATHER THAN IN THE GROUND IMMEDIATELY
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UNDER AND AROUND THE STRUCTURE

COMPARISON OF SUBSURFACE DATA

WE HAVE BEEN USING THE CONE PENETROINCTER IN ALLUVIAL SOILSSOIL FOR SEVERAL

YEARSYEAR NOW AND ARE BEGINNING TO DEMONSTRATE ITS TECHNICAL SUPERIORITY TO

AUGER DRILLING NETHODSNETHOD WHEN SAMPLING BELOW THE WATER TABLE COMPARISON OF

THE BORING DATA FROM THE ADJACENT FAA BUILDING AND OUR CONE PENETROMETER

TESTSTEST SHOW TWO COMPLETELY DIFFERENT INTERPRETATIONSINTERPRETATION OF SUBSURFACE CONDITIONS

WE HAVE FOUND THISTHI TO BE THE CASE ON OTHER SITESSITE NEAR BOEING FIELD AND OTHER

PLACESPLACE IN THE KENTAUBURNDUWAMISH SYSTEM

THE BORINGSBORING AT THE FAA BUILDING SUGGEST THAT THE GRANULAR SOIL

DECREASESDECREASE IN DENSITY WITH DEPTH AND IN FACT BECOMESBECOME LOOSE AT DEPTH OF

FIFTY TO SIXTYFIVE FEET THISTHI IS EVIDENCED BY THE DECREASE IN THE STANDARD

PENETRATION RESISTANCE IN THE BORINGSBORING PRESENTED BY THE SOILSSOIL CONSULTANT AT

THAT SITE ON ANOTHER SITE ACROSSACROS THE RUNWAY AND NEAR ASSOCIATED GROCERSGROCER

THE SOILSSOIL REPORT PRESENTED DATA ON SOIL AT DEPTH OF 40 FEET OR SO WITH

STANDARD PENETRATION APPROACHING ZERO BLOWSBLOW PER FOOT WHEREVER COMPARISON

CAN BE MADE THE CONE PENETROINETER SHOWSSHOW VERY DENSE SOIL AT DEPTH WHILE

CONVENTIONAL SAMPLING SUGGESTSSUGGEST LOOSE CONDITIONSCONDITION OR DECREASING DENSITY THE

FLAW IS IN SPLITSPOON SAMPLING THROUGH HOLLOWSTEM AUGER BELOW THE WATER

TABLE

IT IS OUR PRESENT CONVICTION THAT LOW PENETRATION VALUESVALUE ARE THE RESULT

OF HEAVE IN THE SOIL AT THE TIP OF THE AUGER UNDER AN UNBALANCED HYDRAULIC

GRADIENT AS THE AUGER IS ADVANCED THE WATER LEVEL INSIDE THE HALLOW STEM

IS LOWER THAN THE SURROUNDING WATER TABLE AT CERTAIN DEPTH USUALLY 35 TO

SO FEET THE SOIL BECOMESBECOME QUICK AT THE AUGER TIP AND FLOWSFLOW UPWARD INTO THE
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HOLLOW STEM THE SOIL FLUSHED INTO THE CASING IS SAID TO HAVE HEAVED

EVEN IF THE SOIL ONLY LIFTSLIFT FEW INCHESINCHE SIGNIFICANT REDUCTION IN DENSITY

RESULTS WHEN THE SAMPLE SPOON IS LOWERED TO THE TIP AND DRIVEN THE PENETRA

TION BLOW COUNT REFLECTSREFLECT LOOSENED STATE IN THE SOIL

FOR THISTHI REASON WE BELIEVE CONE PENETRATION TESTING SHOULD BECOME

STANDARD FEATURE ON SUBSURFACE INVESTIGATIONSINVESTIGATION IN ALLUVIAL DEPOSITS RELIANCE

ON CONVENTIONAL BORINGSBORING CAN AND HAS LED TO RECOMMENDATIONSRECOMMENDATION FOR LONGER PILESPILE THAN

NECESSARY AND INDEED FOR PILESPILE WHEN SPREAD FOOTINGSFOOTING WOULD HAVE SUFFICED

RESPECTFULLY SUBMITTED

PAUL IL WEBER EE

PRL
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